Historically, signa[ detection theory (SDT) applied "outside" the ear has not provided valid estimates of the performance measured in psychophysical experiments. Our previous work, in which SDT wm applied at the output of each stage of the Auditory Image Model (AIM) (1), has indicated that this integrated approach affords theoretical performance predictions that are more closely matched to experimental data than previous approaches (2). In this paper, we describe the results obtained when a similar approach is applied to the output of the Camey model of auditory processing (3). Our results indicate that for a simultaneous masking task, when it is assumed that all parameters of the input signal are known, the performance predictions obtained from SDT integrated with AIM and the Carney model are similar at the neural firing stage, and both over-predict experimental measures. However, when it is assumed that the phase of the sinusoid is unknown, the integrated approach provides performance estimates that are fairly close to the performance levels observed experimentally.
INTRODUCTION
Computational models of human auditory processing provide a platform on which to apply signal detection theory (SDT) directly to the "output" of various peripheral processes. The performance predicted by standard SDT analyses that do not incorporate such models is often substantially greater than measured performance.
A physiologically unspecified source of "internal noise" is often added to the processing model in order to compensate for these discrepancies.
By applying SDT to the signals generated by auditory models it is possible to evaluate whether the performance predicted at various stages of the auditory system provides a more accurate estimate of human performance than standard approaches that incorporate internal noise.
Our previous work has indicated that integrating SDT with the Auditory Image Model (Am) (1) provides theoretical performance predictions that match experimental measurements more closely than traditional approaches, such as an energy detector model and a signal-known-statistically (SKS) model (2). Thus, it was suggested that the previously observed discrepancies between theoretical and experimental performance could partially be explained as the result of the signal processing which occurs in the human auditory system, rather than resulting from unspecified "internal noise". In this paper, we will describe the results obtained when SDT is integrated with Camey's model of auditory processing (3), and compare these results with our previous results.
The Camey model of auditory processtig was developed to model the responses of low-fre~ency auditory nerve fibers in the cat. The first stage of the model simulates the mechanical tuning of the basilar membrane as a narrow-band filter, the parameters of which vary as a function of Ievel. The next stage models the inner hair cell's transduction mechanisms via a memoryless saturating nonlinearity and two low pass fiIters. A diffusion process is modeled to simulate the synapse between the hair cell and the nerve, and a nonhomogeneous
Poisson process, appropriately modified to simulate absolute and relative refractoriness, is used to simulate nerve discharge times.
To analyze the predictive properties of the integrated approach, a simultaneous masking task was analyzed in which the signal was a 500 Hz sinusoidal tone and the noise was broadband Gaussian white noise, where E~o= 14. This task was chosen for analysis since theoretical and experimental results for this task have historically been mismatched. The detector prescribed by SDT was derived at the output of the model by calculating the density finctions associated with the received data under the signal (Hl) and nosignal (Ho) hypotheses and then forming the likelihood ratio. The density fmctions were estimated from a simulated data set in which many realizations of the noise and signal plus noise were propagated through the model, and histograms for each time sample were formed from the resulting signals. To evaluate the performance of the detector, multiple realizations of the signal under each hypothesis were generated and propagated through the model. The output signals were then used as input data to the derived processor, and the probability of false alarm and probability of detection values were determined for a range of thresholds.
This analysis was performed using the Camey model under two conditions: one in which it was assumed that the phase of the input sinusoid was known to the model, and one in which the phase of the sinusoid was uncertain. Receiver operating characteristic @OC) curves were calculated for the processors derived under both sets of assumptions.
The predicted performance was compared to experimental data, to the ROCS generated by applying SDT "outside" the ear, to the results of our previous work, and to the ROC curves predicted by both the energy detector and the classical signal-known-statistically (SKS) processor. The results are summarized in Table I To analyze the results contained in Table I , first consider the case in which it is assumed that the phase of the sinusoid is known exactly, denoted "Deterministic" in the Assumptions~odel column of Table I . In this case, the integrated method provides better predictions of psychophysical behavior than the traditional SKE method. In addition, the predictions obtained by applying the integrated method to both Am and the Camey model are similar after the neural firing stage of modeling. The detectability index obtained from the Camey model is cIoser to the experimental value, but the ratio of the variances obtained from Am is closer to the experimental value. In the second case that was analyzed, it was assumed that the phase of the sinusoid was uncertain with a uniform a priori distribution. b this case, the predictions of the integrated method applied to the Camey model are substantially closer to the experimental values than either of the traditional methods (energy detector and SKS). Clearly, this modeling approach predicts psychophysical behavior more accurately than traditional methods, and supports previous studies that suggest that phase uncertainty plays a significant role in human psychophysical performance on a task of detecting a tone in noise.
